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2. Chloroform is not decomposed in the blood with the formation of carbon 
monoxide. 

3. [Odoher 12, 1909.—'' The iodine liberated in the experiments of Desgrez 
and jSTicloux on anaesthetised animals was due to some extent to the direct 
decomposition of the iodine pentoxide by the chloroform vapour contained in 
their blood gases, but mainly to the carbon monoxide produced by the action 
of this chloroform on the potash over which they passed the blood gases in 
order to free them from carbon dioxide. This explanation is quite in accord- 
ance with their observations that the amount of iodine liberated increases 
with the duration of the anaesthesia."] 

; We express our thanks to the Government Grant Committee of the Eoyal 
Society for the funds which, they have placed at our disposal for our work. 



The Hexosephosphate formed hy Yeast-juice from Ilexose and- 

Phosphate, 

By W. J. Young (Biochemical Laboratory of the Lister Institute of 

Preventive Medicine). 

(Communicated by A. Harden, F.R.S. Eeceived July 30, 1909.) 

It has been shown by Harden and Young'^ that— (1) the rate of fermenta- 
tion of glucose by yeast-juice is greatly increased by the addition of a soluble 
phosphate; (2) this rate soon diminishes until a constant rate is attained, 
v/hich is only slightly greater than that of the original yeast-juice and 
glucose; (3) during this period of increased fermentative activity, the 
phosphate undergoes some alteration, and at the end of the period is no 
longer present in a form precipi table by magnesium citrate mixture. The 
authors suggested in the first paper that a combination of the phosphate with 
the sugar, to form a phosphoric acid ester, had taken place, and more recentlyt 
embodied this suggestion in the form of an equation — 

2C6Hi206 4-2ir2HP04 = 2C02 + 2C2HeO + C6Hio04(P04ir2)2 + 2H20, 

It has also been shown that the same phenomena occur when fructose or- 
mannose is used in place of glucose.^ 

^ X*liem. Soc. Proc.,' 1905, vol. 21, p. 189 ; ' Eoy. Soc. Proc.,' B, 1906, vol. 77, p. 405.. 
. t 'Koy. Soc. Proc.,' B, 1908, vol. 80, p. 299. 
;• 'Chem. Soc. Proc.,' 1908, vol. 24, p. 115 ; ' Poy. Soc. Proc.,' B, vol. 81, 1909. 
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In a paper on the changes thafc take place in the phosphorus compounds of 
plants, etc.,* Iwanoff stated that, during the fermentation of sugar by pressed 
jeast, the inorganic phosphates of the yeast are converted into organic 
compounds. This observation, however, remained unknown to the author of 
the present paper until the publication of a later paper by Iwanoff,f in which 
he described the formation of a phosphoric acid compound during the fermen- 
tation of glucose or fructose in the presence of sodium phosphate by yeast 
which had been previously treated with acetone (" zymin "). By precipitating 
with copper acetate, decomposing with sulphuretted hydrogen and evaporating, 
he obtained the free acids, corresponding to these compounds, in the form of 
dark brown syrups, which when prepared from glucose contained 19*6 to 
20 per cent., and from fructose 13*4 to 14 per cent., of phosphorus. N"o other 
-analyses were given in the paper. These syrups gave the characteristic 
reactions of aldo- and keto-groups, and yielded osazones when heated with 
phenylhydrazine, that from the glucose compound melting at 142°, and that 
from the fructose compound at 125°. Iwanoff concluded that these bodies 
were compounds of phosphoric acid either with a triose or with methylglyoxal, 
•and that they were different according to the sugar from which they were 
derived. 

At the time when Iwanoff s paper appeared, a considerable amount of work 
had been done by the author on this reaction, and a preliminary note was 
published describing the isolation of the compound by means of its lead salt.:|: 
It was shown that this salt had the empirical formula C3ll502(P04Pb), and 
when decomposed with sulphuretted hydrogen yielded an acid which was 
slightly dextro-rotatory, and which, when the solution was boiled, underwent 
hydrolysis with formation of phosphoric acid and a Isevorotatory reducing 
;substance. 

The present paper embodies the results of further work on this substance, 
and also on the similar compounds obtained by fermenting fructose and 
mannose in place of glucose. No difference has been detected between the 
compounds obtained from these three sugars. 

Preparation of the Lead Gornpound, — A solution of 0*6 molar di-sodium or 
potassium hydrogen phosphate (E'2HP04) was added to a mixture of yeast- 
juice and excess of glucose at 25°, in such an amount that rapid fermentation 
was set up. The quantity of phosphate which may be used varies with 
different juices,§ and the necessary amount was determined in each case in 

* 'Travaiix de la Soci6t6 des Naturalistes de St. Petersbourg,' vol. 34, 1905, 

t 'Zeit. physiol. Chem.,' 1907, vol. 50, p. 281. 

+ Young, ' Chem. Soc. Proc.,' 1907, vol. 23, p. 65. 

.§ Harden and Young, ' Eoy. Soc. Proc.,' B, 1908, vol. 80, p. 299. 
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a small sample by measuring the rate of evolution of carbon dioxide under 
similar conditions. When the rate of fermentation had fallen, more 
phosphate was added, and the additions continued so long as this acceleration 
could be produced. The mixture was then boiled, and filtered from the 
coagulate formed. 

In a typical experiment, a mixture of 440 c.c. of yeast- juice and 
55 grammes of glucose was employed, and 440 c.c. of the potassium 
phosphate solution (37 grammes, K2HPO4) were added 80 c.c. at a time. 
When fructose is used in place of glucose, much more phosphate may be 
added ; thus in one ease a mixture of 495 c.c. of yeast-juice and 200 grammes 
of fructose was employed, and 1000 c.c. of the phosphate solution 
(104*4 grammes K2HPO4) were added, 100 c.c. at a time. 

The liquid, after boiling and filtering, was always found to contain a little 
free phosphate, and this was removed by adding a solution of magnesium 
nitrate, making alkaline with potash, stirring well, and allowing to stand for 
a few hours. The filtered liquid was then neutralised with acetic acid, lead 
hexosephosphate precipitated by the addition of lead acetate, and washed 
repeatedly with water by means of a centrifugal machine, until the washings 
no longer reduced Fehlings solution. It was found that this precipitate 
invariably contained traces of some nitrogenous material, and it was there- 
fore suspended in water, decomposed with sulphuretted hydrogen, and the 
excess of this gas removed after filtering by passing a current of air through 
the solution. The liquid was then neutralised with potash and the lead salt 
reprecipitated with lead acetate, the process being repeated until the preci- 
pitate, after washing, was free from nitrogen. Usually two or three such 
precipitations were found sufficient. The salt was then filtered off and dried, 
first on a porous plate and then in a vacuum over sulphuric acid. It was 
thus obtained as a white, amorphous powder, free from nitrogen, which, on 
decomposing with sulphuretted hydrogen, yielded an acid solution containing 
no free phosphate precipitable by magnesium citrate mixture. 

The preparation of yeast sold under the name of ^' zymin," which is 
obtained by treating pressed brewers' yeast with acetone, may be used in 
place of yeast-juice for the preparation of hexosephosphate. In one 
experiment 10 grammes of zymin, 10 grammes of glucose, and 100 c.c. of 
water were incubated at 25°, and 75 c.c. of a 0*3 molar solution of potassium 
phosphate added, 15 c.c. at a time. After rapid fermentation had ceased the 
mixture was filtered without boiling, and the lead compound obtained from 
the filtrate as before. 

Lead compounds have been prepared from glucose, fructose, and mannose, 
and the analyses of several different preparations of these compounds are 
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given in Table I. The mannose employed was obtained by the hydrolysis of 
ivory-nut, and was purified by being converted into the phenylhydrazone, 
which was recrystallised from water and decomposed with benzaldehyde. 

Table I. 



No. 


Origin of 
compound. 


Weight 
taken. 


CO2. 


H2O. 


MgsP.Oy. 


PbS04. 


Percentages. 


C. 


H. 


P. 


Pb. 


1 

2 

3 
4 
5 


Grlncose . . . 

,, ... 

Fructose . . . 

Mannose . . . 


-5261 
-6269 
-4745 
-5993 
-3040 
-4503 
-3614 


-1870 
-1696 


-0777 
-0732 


-1775 

-1704 
-0890 
-1337 
-1021 


-5080 

-4774 
-2484 
-3649 
-2931 


9-69 
9-75 


1-65 
1-73 


7-88 

7-92 
8-15 

8-27 
7-87 


55-34 

54-40 
55-81 
55-34 
55-39 


n.TT,„0.<'PO;Ph'l. rftmnVfts . 




9-60 


1-33 


8-27 


55-20 






'-^D-^^lU^'iV 


■~ "1 — /i; 


-1 — •"'" 





Hexosephosphoric acid was obtained from the lead salt by suspending it in 
water, decomposing with sulphuretted hydrogen, and removing the excess of 
this gas from the filtered liquid by means of a current of air. An acid 
liquid was thus obtained which could be titrated with standard alkali, 
phenolphthalein being used as indicator, in a similar manner to phosphoric 
acid. In Table II several examples are given in which the amount of 
hexosephosphoric acid was estimated both by titrating the solution with 
decinormal alkali, and by decomposing with nitric and sulphuric acids^ 
precipitating with magnesium citrate mixture, and weighing as magnesium 
pyrophosphate. The numbers all refer to 10 c.c. of the solutions. 

Table II. 



Origin. 


Titration, 
c.c. N/IO. 


MggPsOy. 


Hexosephosphoric acid. 


From titration. 


From MggPgO;. 


Grlucose 


19-8 
63-4 
99-0 
9-6 
29-2 
38-7 
32-6 


-1086 
-3458 
-5434 
-0517 
-1559 
-2124 
-1802 


-1683 
-5390 
-8415 
-0816 
-2482 
-3290 
-2771 


-1664 
-5296 
-8323 
-0792 
-2388 
-3253 
-2761 




?> • ■ 


35 .............. 


33 . . . • 


33 

Fructose 


Mannose 





When the solution was evaporated on the water-bath a charred mass was 
left which contained free phosphoric acid and had a strong odour of caramel^ 
whilst even on evaporation under reduced pressure, or at ordinary tempera- 
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tures in a vacuum over sulphuric acid, decomposition occurred and free 
phosphoric acid was formed. The solution was found to give Mohlisch's 
a-naphthol reaction. It reduced Eehling's sohition only after some hours in 
the cold, rapidly on boiling : this reduction may be due to the hydrolysis of 
the compound with formation of a reducing hexose. This is known to take 
place, as an alkaline solution of the sodium salt that had been left standing 
for two or three days at room temperature was found to contain free 
phosphate, and a Isevorotatory substance which reduced Eehling's solution 
in the cold in a few minutes. The same change was brought about more 
rapidly when the solution was boiled. 

The acid was found to have a less reducing power when boiled with Pavy's 
ammoniacal copper solution than corresponded to an equivalent quantity of 
glucose. Thus five preparations from glucose gave reductions of 0'754, 
0*788, 0*767, 0*732, and 0*800, an equivalent quantity of glucose being taken 
as 1. 'No osazone could be obtained, as on heating with phenylhydrazine 
acetate decomposition took place, and phenylhydrazine phosphate was 
formed. Attempts were also made to prepare insoluble hydrazones or 
osazones with phenylhydrazine, methylphenylhydrazine, benzylphenyl- 
hydrazine, parabromophenylhydrazine, and nitrophenylhydrazine, but in 
no case was any success attained. 

No differences could be detected between the acids obtained from glucose, 

fructose, or mannose. They all yielded the same products on hydrolysis, 

formed salts having the same properties, and had approximately the same 

dextro-rotatory power. Table III gives the rotations of a number of 

preparations of these acids. 

Table III. 




Origin. 



Grramines per 
10 c.c. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 



Grlucose 



5> 
}} 

}} 



Fructose 



jj 



J) 



Mannose 



J) 



Yeast -juice 



0-079 

0-539 

0-216 

0-114 

0-088 

0-178 

0-148 

0-247 

0-529 

0-425 

0-247 

0-314 

0-143 

0-152 

-555 

0-053 



Observed rotation 
in 4-dm. tube. 

+ 



-097 

0-671 

0-364 

0-161 

0-131 

0-278 

0-179 

0-333 

-695 

0-560 

0-315 

0-416 

0-181 

0-189 

0-926 

0-074 



Temp. 



o 

20 

18 

19 

16 

13 

16 

16 

15 

16- 

25 

16- 

18 

17 

19 

17 

13 



a 



D. 

+ 



3-07 
3-11 
3-70 
53 

72 
90 
02 



3 
3 
3 
3 



3-38 
3-28 
3-29 
3-19 
3-31 
3-15 
3-12 
4-17 
3-50 
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All these acids were prepared from the lead salts with sulphuretted 
hydrogen, excepting No. 13 which was obtained from the barium salt by 
means of dilute sulphuric acid. No. 16 was obtained from yeast-juice to 
which neither sugar nor phosphate had been added, whilst zymin was 
employed for the preparation of Nos. 6 and li. 

It will be observed that the differences between the values for the acids 
derived from fructose and mannose are of the same order as the differences 
among the glucose preparations themselves. With so low a rotatory power 
a small experimental error or a trace of optically active impurity would 
cause an appreciable difference in the aj), and the differences seen in the 
table are probably due to these causes. The rotations of the barium salts of 
these acids, which are slightly soluble in cold water, were also determined, 
and were found to be approximately equal. These are given in Table IV. 

Table IV.' 



Origin. 


Grrammes per 
10 c.c. 


Rotation in 

4 dm. 

+ 


a^ l7°-5. 

+ 


Griucose 


-0665 
-0692 
-0656 


0-085 
0*088 
0-082 


3-20 
3-18 
3-13 


Fructose 


Mannose 





Hydrolysis of the Acid. 

(a) Production of Phosphoric Acid ctnd a Lcevorotatory Bediicing Stibstance,— 
When the solutions of the acid were boiled, phosphoric acid was gradually 
set free, the reducing power to Pavy's solution increased, and the solution 
became Isevorotatory. Table V shows the rate at which the first two 
of these changes took place when a solution of hexosephosphoric acid 
prepared from glucose was boiled in a flask fitted with a reflux condenser. 

The phosphoric acid is expressed as grammes of magnesium pyrophosphate 

Table V. 





Tinie, in hours. 


Free phosphate. 


Reduction. 










0-258 




2 


0-167 


0-297 




, 4 


0-238 


0-342 




7 


0-304 


0-371 




11 


0-365 






15 


0-401 


0-373 




27 


0-467 


0-371 


VOL. LXXXL- 


-B. 
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and the reduction as the number of grammes of glucose to which it 
corresponded. The original solution contained 07167 gramme of the acid 
in 200 c.c. (approximately 0*01 molar), corresponding when completely 
hydrolysed to 0*511 gramme of magnesium pyrophosphate, and equivalent 
to 0*414 gramme of glucose. ^ Samples were taken out after the intervals 
stated, and the free phosphate estimated with magnesium citrate mixture 
and the reducing power with Pavy's solution. 

The solution after about seven hours' boiling became very dark coloured, 
-some of the reducing substance formed evidently being decomposed. 

The acids obtained from fructose and mannose behaved in a similar 
manner on boiling, in every case a laevorotatory substance and phosphoric 
acid were formed. The following Table VI gives a number of examples of 
this change in rotation on the hydrolysis, at 100°, of the compounds prepared 
from all three sugars and, in one case, ISTo. 6, of that obtained from yeast- 
juice to which nothing had been added. 

Table VI. 



No. 


Origin. 


Time of boiling, 
in hou.rs. 


Rotation in 4-(im. tube. 


Before. 
+ 


After boiling. 


1 

2 
3 
4 
5 
6 


Glucose 


6 
11 
14 
10 . 

6 
10 

6 
16 


o 

0-161 

0-634 
0-543 
0*416 
0-230 
0-074 


o 

0-299 
-558 
0-658 
0-756 
0-924 
1-514 
0-204 
0-500 




}j 


» 

Fructose 


Maniiose 


Yeast- juice 



As glucose is converted b^^ , alkalis into a lasvorotatory mixture of 
glucose, mannose, and fructose, it was thought that the treatment with 
alkali in the separation of the free phosphate, during the preparation of the 
lead salt, might have altered the hexosephosphate in such a manner as to 
account for the laevorotatory sugar being obtained on hydrolysis. Prepara- 
tions of the lead salt were therefore made without removing the free 
phosphate, the solution being kept always slightly acid, but the method 
being otherwise the same as before. The hexosephosphoric acids obtained 
from these acid preparations were found to have approximately the same 
specific rotatory power as the others. The strength of the solution used was 
estimated by determining the total phosphorus, and making allowance for 
the small quantity of free phosphoric acid, which was precipitated in 
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a separate quantity with magnesium citrate mixture. In Table III, already 
given, JSTos. 5, 6, 12, and 14 refer to acids prepared in this way, and it will be 
seen thq,t they cannot be distinguished from those which had undergone the 
alkaline treatment. On hydrolysis, also, the same Isevorotatory solution 
was obtained as is shown in Table VII. 



Table VII. 



No. 


Origin. 


Time of boiling, 
in hours. 

■ 


Rotation in 4-dm. tube. 


Before. 
+ 


After boiling. 


1 

2 
3 

4 


G"lucose 


11 

8 
6 
2 
4 
6 
8 


o 

0-056 
0*131 
0-637 
0-317 

>) 


o 

-363 
0-370 
1-184 
0-276 
0-574 
0-956 
1-212 




,, .,.•••!•• 


>3 ' 

Fructose 

35 

>3 

J3 



(b) Nature of the. Reducing Substance. — To determine the nature of this 
reducing substance, the mixture from the hydrolysis of a preparation from 
glucose was exactly neutralised to litmus with barium hydrate, and the 
precipitation of the barium salts of phosphoric and unchanged hexose- 
phosphoric acids completed by the addition of two volumes of absolute 
alcohol. After filtration, the solution was evaporated at 35° to 40° under 
reduced pressure to a thick syrup. This was found to reduce Tehling's 
solution in the cold, and to be hevorotatory. It gave the red coloration 
characteristic of fructose when heated with resorcinol and hydrochloric acid 
(Seliwanoff). When this syrup was treated at 0° with milk of lime, an 
insoluble calcium compound similar to calcium fructosate was formed. This 
was filtered off, washed with water, suspended in water, and decomposed 
with carbon dioxide, and the filtered liquid treated with animal charcoal and 
evaporated under reduced pressure. 

The colourless syrup thus obtained reduced an alkaline solution of copper 
glycocolate after 12 hours in the cold, a reaction which, aceording to Pieraerts,* 
is only given by fructose. It readily formed an osazone when heated with 
phenyihydrazine in the usual manner, and this, after recrystallisation, first 
from alcohol and then from a mixture of pyridine and water, melted at the 
same temperature as glucosazone, viz., 206° whilst a mixture of this compound 



* ' Chem. Zentral.,' 1908, vol. 1, p. 1854. 
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with glucosazone melted at 206^ to 207°. The analysis also corresponded to 
that of glucosazone — 

0*1222 gramme gave 16*2 c.c. nitrogen at 16°'4 and 774*3 mm, 

iST = 15*76 per cent. 

Glucosazone, Ci8H2204lsr4, requires N = 15*64 per cent. 

The fructose and mannose acids, when treated as above, yielded syrups 
having the same properties as that from the glucose acid ; in both cases 
glucosazone was obtained from them. 

All these syrups were found to induce rapid fermentation in a mixture of 
yeast-juice and glucose with such an excess of phosphate that fermentation 
was only proceeding at a very slow rate, and this induction has been shown 
to be brought about by the addition of fructose, but not of glucose or 
mannose.* 

Finally, the ratio of the rotation to the reducing power was obtained and 
was found to be approximately the same as that found for pure fructose. 
The reducing power was determined by means of Pavy's ammoniacal copper 
solution and, as this was. standardised, each time it was used, with a solution 
of pure glucose it has been found convenient to express the reduction per 
100 c.c. of solution by the number of grammes of glucose which would reduce 
the same amount of copper, and to compare the rotation of the solution in 

a 4-dm. tube with this number. In Table VIII, this ratio, ^— ^ — ~. — , is 

xCeciuction 

iven for the hexoses obtained by means of milk of lime fi-om the products of 

hydrolysis of the acids derived from all three sugars, and it will be seen that 

it agrees in every case fairly well with that found for pure fructose. 






Table VIII. 



Sugar from — ■ 


— Rotation in 
4 dm. tube. 


Reduction as glucose 
per 100 c.c. 


Ratio. 


Gr'l'U.cose acid 


o 

1 -806 
0-962 
0-516 
1-376 
0-607 
0-829 


0-512 
0-284 
0-151 
0-441 
0-161 
0-219 


3-52 
3-38 
3-41 
3-12 
3-77 
3-79 


Fructose acid (1^ 


(2) 


MauTiose acid 

Pure fructose (X\ 


(2) 


J J \ / 



The solutions, after removal of the phosphate and hexosephosphate and 
before the treatment with milk of lime, always possessed a greater reducing 

* Harden and Young, *Chem. Soc. Proc.,' 1908, vol. 24, p. 115; *Eoy. Soc. Proc, 
B. 1909. 
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power than a solution of fructose having the same optical activity. The 
ratio of the rotation to the reduction was always lower than that for pure 
fructose, and varied from 1*36 to 2*78. This might be accounted for by the 
presence of glucose or mannose, and experiments were made to ascertain if 
these sugars were present ; in no case, however, could either be detected. 
The insoluble hydrazone of mannose was not obtained with phenylhydrazine, 
nor was a hydrazone formed when the syrup was treated with methyl- 
phenylhydrazine in the manner described by ISTeuberg* for the separation of 
glucose or mannose from fructose. They were also examined for glucose by 
the method by which Lobry de Bruyn and van Ekensteinf detected glucose 
in the mixtures obtained by the action of alkalis on fructose or mannose. 
This consisted in removing most of the fructose by precipitating as calcium 
fructosate or by extracting successively with alcohol, ethyl acetate, ether, and 
acetone, and identifying glucose in the residue either by converting into 
a-methyl glucoside by means of methyl alcoholic hydrochloric acid, or by 
oxidising with dilute nitric acid and precipitating the acid potassium salt of 
the saccharic acid formed. ISTeither of these compounds could be obtained 
from the syrups under examination. 

In order to ascertain whether these low ratios were due to the action of 
the phosphoric acid on the fructose after it was set free, a mixture of these 
compounds in the same relative proportions as would be contained in 
hexosephosphoric acid was boiled for some hours, and the phosphoric acid 
then removed by means of barium hydrate and alcohol in a similar manner 
to that described for the hydrolysed acid. The results of two experiments 



^re given in Table 


IX. 

Table IX. 




Time, in hours. 


— Rotation in 4 dm. tube. 


Eeduction per 100 c.c. 


Ratio. 


(1) 
10 
15 

(2) 
10 


7-424 
3-882 
2-580 
0-711 
4-250 


1-927 

1-082 
-791 
0-188 
1-276 


3-87 
3-54 
3-26 
3-78 
3-33 



In both these experiments the solutions became very dark coloured and 
a considerable quantity of fructose had been destroyed. It will be observed 
that in both cases the ratio became less on boiling, but the lowest value 
obtained was much higher than the numbers found for the product from 
hexosephosphoric acid. It is possible that the fructose as it is being formed 

^ * Ber./ 1902, vol. 35, p. 959. 

t 'Eec. Trav: Chim.,' 1895, vol. 14, p. 156. 
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is much more susceptible to the action of phosphoric acid. On the other hand, 
these low ratios may be due to the presence of some other reducing substances 
having a less Isevorotatory power than fructose. 

Salts of HexosephosphoriG Acid. 

In addition to the lead salt already described, several other salts have been 
prepared. Attempts to obtain the potassium and sodium salts were made by 
adding the hydrates to the acid solution until neutral to phenolphthalein, and 
evaporating the solution under reduced pressure. A sticky mass was left 
which would not crystallise, and which decomposed on keeping. 

Solutions of the alkali salts slowly decomposed on keeping, free phosphate 
being formed and the solution becoming Isevorotatory. This decomposition 
causes a small error in the estimation of the free phosphate present in 
a mixture of this salt and hexosephosphate by means of magnesium citrate 
mixture. Many of the salts are more soluble in cold than in hot water ; 
thus, when magnesium citrate is added to a solution of sodium hexose- 
phosphate, no precipitate is formed until the mixture is heated ; a white 
precipitate then comes down, which redissolves on cooling. The manganese, 
barium, and calcium salts behave in a similar manner. 

Silver Kexosejohosjohate, C6HiQ04(P04Ag2)2. — This salt was obtained by 
neutralising the free acid with caustic soda, adding the calculated quantity of 
silver nitrate and then half the total volume of alcohol. The precipitate was 
filtered off, well washed with a mixture of water and alcohol, dehydrated 
with alcohol and ether, and dried over sulphuric acid in a vacuum, and it was 
thus obtained as a white amorphous powder. It was exceedingly unstable, 
and the whole preparation was carried out by red light. Even when dry the 
salt darkened on exposure to light, whilst when heated with water it was at 
once reduced to metallic silver. 

The following analyses were carried out with different preparations of this 

salt: — 

Table X. 



Origin. 


Weight 
taken. 


AgCl. 


Mg.PsO;. 


Percentages. 


Ag. 


P. 


Grlucose (1) 

(2) 


-2340 
-3976 
-3293 
-3214 


-1740 
-2989 
-2439 
0-2378 


-0644 
-1057 
0-0893 
-0909 


55-94 
56-54 
55-75 
55-70 


7-67 

7-40 
7-55 

7-87 


Fructose (1 ) 


» (2) ........ 


CJ^^^n.(vn.\(T^ 


o reauires 


56 -24 


8-08 


V^gJ 


"-^iU^1\ ^4*— Oii^ 
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Barmfn hexosepJiosphate, C6Hio04(P04Ba)2, was obtained by adding a 
solution of barium chloride to a solution of potassium or sodium hexose- 
phosphate, and warming the mixture on the water bath. A granular white 
precipitate was thus formed, which was found to be more soluble in cold 
than in hot water. This was purified by dissolving in cold water and 
reprecipitating by warming the solution. It was then filtered off, washed 
with warm water, and dried over sulphuric acid in a vacuum. At 17°* 5 
100 c.c. of solution were found to contain 0*665, 0*692, and 0*656 gramme of 
the barium salts derived from glucose, fructose, and mannose respectively 
The following analyses were obtained for this salt :-— 

Table XT. 



Origin. 


Weight 
taken. 


BaS04. 


MgoPsO;. 


Percentages. 


Ba. 


P. 


G-lucose (1) 

.. (2) 

Fructose n^ 


-2578 
f 0-6298 
1 0-4317 
0-4009 
-6221 
-4186 


-1994 
-4002 

-3081 
-3933 
-3179 


-0960 

-1538 
-1485 
-1902 
0-1538 


45-50 
44-46 

45-23 
44-34 
44-70 


10-36 

9-92 
10-32 
10-14 
10-22 


„ (2) 

Mannose 


OgH.nO.rPO.Ba^ 


2 requires 


44-92 


10 -16 





AU - 1 \ - 1 -/ 





Calcium Hexosephosfhate, — A calcium salt of the acid derived from glucose 
was obtained by adding calcium chloride to a solution of the sodium salt, 
and completing the precipitation by adding alcohol. When dried over 
sulphuric acid in a vacuum it gave the following analysis : — 

0*o488 gramme gave 0*1958 gramme CO2, 0*0917 gramme H2O, 
0*0890 gramme CaO, and 0*1778 gramme Mg2P207. 

C = 16*81, H = 2*92, Ca = 18*24, P = 14*20 per cent. 

C6Hio04(P04Ca)2 + H20 requires C = 16*59, H = 2*76, Ca = 18*41, 

P = 14*28 per cent. 

Source of the Hexosephosphate, — In order to show that this compound was 
formed from the added phosphate, two quantities of 50 c.c. of yeast-juice 
were incubated at 25°^ one with 30 c.c. of a 30-per-cent. solution of glucose 
and the other with 30 c.c. of a 0*3 molar solution of potassium phosphate 
containing 30 per cent, glucose. After two hours both were boiled and 
filtered, 30 c.c. of each filtrate were treated with the same quantity of 
magnesium nitrate and potash to remove any free phosphate and, after 



540 Mr. W. J. Young. Hexosephosphate formed hy [July 30 j 

standing for a few hours, the solutions were filtered, neutralised with acetic 

acid and lead hexosephosphate precipitated with lead acetate, washed and 

dried over sulphuric acid in a vacuum. The mixture to which the phosphate 

had been added gave 5*03 grammes of lead salt, whilst the other only yielded 

1*35 grammes. This experiment also shows that yeast-juice itself contains 

a small quantity of hexosephosphate, and experiments have already been 

quoted to show that this compound has similar properties to that formed 

when phosphate and sugar are added. The same hexosephosphate was 

obtained by means of zymin in place of yeast-juice as already mentioned, 

and as in this case the mixture was not boiled before the precipitation of the 

lead salt, it follows that the salts of this acid were present in the mixture as 

such, and were not formed from a more complex body by the boiling, which 

was always necessary when yeast-juice was employed. A hexosephosphate 

has also been detected in the extract obtained by boiling pressed brewers' 

yeast with water. 

MoUcidar Weight of Hexose]3hosphoric Acid.—ThQ analyses of the salts of 
this acid gave no information as to its molecular weight, since the same 
percentage composition would be obtained if the acid had the formula 
C3H502(P04H2) and not C6Hio04(P04H2)2. The first compound might be 
expected on hydrolysis to yield glyceraldehyde or dioxyacetone, and these 
might polymerise to form hexoses ; so that the fact that fructose was formed 
when the acid was hydrolysed does not do away with the possibility of the 
smaller formula. 

As no derivatives of the acid could be obtained, such as a hydrazone or an 

osazone, analysis of which would have settled the question, recourse was 

made to physical methods. The molecular weight of the acid was calculated 

from the difference between the freezing point of its solution and that of 

water, and was compared with that calculated by taking into consideration 

the extent to which it was dissociated in solution as determined by the rate 

at which it hydrolysed cane sugar. The freezing points of three solutions of 

different concentrations of the acid prepared from glucose was found by the 

ordinary method, the amount of acid in solution was estimated by titration 

and checked by the total phosphorus content, and the weight of water in the 

solution was obtained from the specific gravity. By way of comparison with 

a compound of known constitution and of a similar nature, corresponding 

determinations were carried out with a sample of synthetical glycero- 

phosphoric acid, which was purified by means of its lead salt in exactly the 

same manner as the hexosephosphoric acid. The results are given in 

Table XII, ISTos. 1, 2, and 3 being those obtained from the hexosephosphoric 

acid, and Nos. 4 and 5 from two concentrations of glycerophosphoric acid. 
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Table XII. 



ISTo. 


Normality. 


Grrammes per 
100 c.c. 


Specific 
gravity. 


Weight of 
water. 


Depression. 


Molecular 
weiglit. 


1 


1-75 


15 -13 


1 -075 


92-37 


o 

1-747 


177 


2 


0-99 


8-42 


1-042 


95-78 


0-932 


178 


3 


0-55 


4-68 


1-022 


97 -52 


0-535 


169-4 


4 


1-65 


14-21 


1-063 


92-09 


2-153 


135-5 


5 


0-97 


8-38 


1-037 


95-32 


1-300 


127-7 



The formula C6Hio04(P04H2)2 corresponds to a molecular weiglit of 340, 
and the smaller formula to 1 70, whilst glycerophosphoric acid, C3H702(P04H2), 
has a molecular weight of 172. Thus the value obtained, although low, was 
much greater than that found for glycerophosphoric acid, which only differs 
in composition from the smaller formula by two hydrogen atoms. 

The cane-sugar hydrolysis was carried out at 25° with semi-normal acid, 
and the rate was compared with that found for semi-normal hydrochloric 
and glycerophosphoric acids under similar conditions. 

Table XIII gives the figures found for the hexosephosphoric acid and 
Table XIV those for the glycerophosphoric acid. Allowance has been made 
in the tables for the rotation due to the acids themselves. Solutions of the 
hexosephosphoric and glycerophosphoric acids of the same normality were 
also kept by themselves under similar conditions for the same time, and no 
alteration took place in their rotations. 



Table XIII. — Hexosephosphoric Acid. 











KxlO^ 


Time, in minutes. 


Rotation. 


X. 


A — a;. 


(^-^o^A^J 





o 

+ 26 -83 





34-88 




30 


25-95 


0-88 


34-00 


3-700 


60 


24-98 


1-85 


33-03 


3-945 


90 


24-01 


2-82 


32-06 


4-069 


120 


23-12 


3-71 


31-17 


4-070 


160 


22 -05 


4-78 


30-10 


4-001 


180 


21-44 


5-39 


29-47 


4-051 


210 


20-66 


6-17 


28-71 


4-026 


240 


19-95 


6-88 


28-00 


3-976 


310 


18-17 


8-66 


26-22 


3-999 


330 


17-72 


9-11 


25 -77 


3-984 


360 


17-06 


9-77 


25-11 


3-965 


390 


16 -32 


10-51 


24-37 


3-993 


420 


15-70 


11-13 


23-75 


3-974 


QO 


-8-05 


34-88 














Mean .,,,. 


3-981 
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Table XIV. — Glycerophosphoric Acid. 



Time, in minutes. 


Eotation. 


w. 


A—a?. 


K X 10^ 





+ 26-36 





34-41 




31 


25-51 


0-85 


33-56 


3-503 


60 


24-79 


1-57 


32-84 


3-380 


90 


24-06 


2-30 


32-11 


3-338 


120 


23-30 


3-06 


31-35 


3 -370 


150 


22 -64 


3 -72 


30-69 


3-312 


182 


21-86 


4-50 


29-91 


3-344 


210 


21-23 


5-13 


29-28 


3 -339 


240 


20-54 


5-82 


28-59 


3-353 


270 


19 -89 


6-47 


27-94 


3-350 


300 


19 '26 


7-10 


27-31 


3 -345 


330 


18 -64 


7-72 


26-69 


3-343 


360 


18 -01 


8-36 


26-05 


3 -358 


GO 


-8 -05 


34 -41 






Mean 


3 -353 



Semi-normal hydrochloric acid under the same conditions gave the constant 
K X lO^ = 22-466. 

It follows from these rates that the ratio of hydrogen ions in the solution 

of hexosephosphoric acid to those in the hydrochloric acid was 3*981 to 

22*466 or 17*7 to 100, whilst in the case of glycerophosphoric acid the ratio 

was 3*353 to 22*466 = 14*9 to 100. As hydrochloric acid is almost completely 

dissociated, these numbers may be taken as a measure of the concentration of 

hydrogen ions in the solutions. Glycerophosphoric acid is dibasic and a 

solution which is semi-normal by titration will contain only half as many 

molecules as a semi-normal solution of hydrochloric acid, or 50 molecules for 

every 100 of hydrochloric acid. If the glycerophosphoric acid be assumed to 

dissociate into two ions, then out of every 50 molecules 14*9 are dissociated 

into 14*9 X 2 = 29*8 ions, and 50 — 14*9 = 35*1 molecules remain undissociated. 

The solution will thus contain 29*8 + 35*1 = 64*9 units, and the freezing point 

50 
depression will correspond to a molecular weiefht of ■— — x 172 = 132*5 : those 

^ 64*9 

actually observed gave 135*5 and 127*7, Similarly with the hexosephosphoric 

acid, if the larger formula obtain, the acid is tetrabasic and a semi-normal 

solution will only contain one-quarter as many molecules as a semi-normal 

solution of hydrochloric acid, or 25 molecules to every 100 of hydrochloric 

acid. If the dissociatioQ take place into two ions, of these 25 molecules 

17*7 are dissociated into 17*7 x 2 = 35*4 ions, 25 — 17*7 = 7*3 molecules remain 

undissociated, and the total number of units will be 7*3 + 35*4 = 42*7. The 

molecular weight of the acid from the freezing point of this solution will h& 

340 X 25 



42*7 



199 ; the -observed values were 177, 178, and 169*4. 
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If, on the other hand, the compound have the smaller formula, with a 
molecular weight of 170, it will be a dibasic acid and the solution will 
contain 50 molecules to every 100 contained in a solution of hydrochloric 
acid of similar normality. The number of dissociated molecules corresponding 
to the hydrogen ions present will be 17*7, yielding 17*7 x 2 = 35*4 ions, 
50 — 17*7 = 32*3 will be undissociated, and the total number of units will be 
35*44-32*3 = 67*7. The molecular weight, as deduced from the freezing point, 

would therefore be ^"^^^^^ = 125*5. 

67*7 

The observed depression thus corresponds more closely to that which would 
be expected from the larger formula, although the agreement is not so good 
as that in the case of glycerophosphoric acid. This low result may be due to 
some hydrolysis in the solution, which would make the number of units still 
greater. If the hexosephosphoric acid had the smaller formula, it would be 
expected to depress the freezing point at least to the same extent as glycero- 
phosphoric acid, since it only differs from this by two hydrogen atoms, and 
is slightly more dissociated in solution than this acid. These results thus 
point to the acid having the formula C6Hio04(P04H2)2. 

Further evidence against the acid being a derivative of glyceraldehyde is 
also afforded by the following facts: — When the acid was reduced with 
sodium amalgam, no glycerol was obtained, as might have been expected if 
it were a compound of glyceraldehyde. When glycerophosphoric acid was 
heated with hydriodic acid in a current of carbon dioxide, it was reduced to 
isopropyl iodide, which was detected by passing into alcoholic silver nitrate in 
the manner in which glycerol is estimated by the method of Zeisel and 
Tan to. On the other hand, hexosephosphoric acid gave no volatile iodide 
when treated in this manner. 

Constitution of Hexosephosphoric Acid. — It has not yet been found possible 
to obtain any evidence with regard to the position of the phosphoidc acid 
groups in the molecule. The facts that the compound does not reduce 
Fehling's solution in the cold until after a long time, and that no hydrazones 
or osazones could be obtained, render it possible that the acid does not contain 
an active carbonyl group, and it may be that this group is involved in the 
reaction with the phosphoric acid. 

Glucose, fructose, and mannose all appear to yield the same hexose- 
phosphoric acid when fermented by yeast-juice in the presence of phosphate. 
One explanation of this is that these sugars are changed, before conversion 
into hexosephosphate, into some form common to all three. The only 
differences between glucose, fructose, and mannose are in the groups or 
arrangement of the groups attached to the first two carbon atoms: 
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CHO 
H-COH 
OHC-H 
HCOH 
HCOH 

CH2OH 

Glucose. 



CHO 

OHCH 

OHCH 
HCOH 
HCOH 

(^HaOH 

Mannose. 



and all these sugars have the same enolio form : 



-^ 



-9- 



CHO 

CHOH 

CHOH 

CHOH 

CHOH 

CH2OH 

Griiicose and mannose. 



CHOH 

II 

COH 



CHOH 

choh'^ 

CHOH 
CH2OH 

Enolio form. 



CH3OH 

I 

CO 
OHCH 
HCOH 

H-COH 

I 
CH3OH 

JTructoKse 



CH2OH 

I 

CO 

CHOH 

CHOH 

CHOH 

CH2OH 

Fructose. 



and are converted into one another in alkaline solution,* and it is conceivable 
that the hexosephosphate is a derivative of this enolic form. 
If the reaction take place according to the equation : 

2C6Hi206+2R'2HP04 = 2C02+2C2H60 + C6Hio04(P04P/2)2+2H20, 

two molecules of sugar are concerned, and another possibility is that the 
phosphoric acid groups are attached to a nev/ molecule, which is formed by 
the combination of portions of each of these two sugar molecules. In this 
case, also, the hexosephosphoric acid might be expected to have the same 
composition when formed from different sugars. 

Summary. — 1. The compound formed during the accelerated fermenta- 
tion of glucose, fructose, and mannose by yeast-juice, in the presence of 
a soluble phosphate, is a salt of an acid which probably has the formula 
C6Hio04(P04H2)2, and may be isolated by precipitation of its lead salt. 

2. The free acid may be obtained in solution by decomposing this lead 
salt with sulphuretted hydrogen. 

3. The acid is very unstable and readily decomposes on keeping, or on 
evaporating even at ordinary temperatures in a vacuum over sulphuric acid, 
with formation of a reducing substance and phosphoric acid. 

4. It reduces Pehling's solution only after some hours in the cold, rapidly 
on boiling, whilst no osazones or hydrazones have been obtained from it. 
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5. No differences have been detected between the hexosephosphoric acids or 
their salts, whether derived from glucose, fructose, or mannose. 

6. On hydrolysis of the acid by boiling, phosphoric acid is set free and 
fructose formed. N"o other hexose could be identified, but the solution, after 
hydrolysis, was always less laevorotatory than a solution of pure fructose of 
the same reducing power. 

7. The salts of lead, barium, silver, and calcium have been prepared. 

[The compound containing phosphorus, which was considered to be phenyl- 
hydrazine phosphate, has since been examined by von Lebedew (' Biochem.. 
Zeits.,' 1909, vol. 20, p. 113), who regards it as a phenyl hydrazido-phosphoric 
acid compound of hexosazone. A re-examination of this substance by the 
author leads to the conclusion that it is in reality a derivative of hexose- 
phosphoric acid, but decisive results as to its constitution have not yet been 
obtained. — Noveniber 15, 1909.] 



The Comparative Poiver of Alcohol^ Ether ^ and Chloroform as 
measured hy their Action upon Isolated Muscle, 

By Augustus D. Waller, M.D., F.E.S. 
(Received and Eead June 24, 1909.) 

The object of the following communication is twofold: (1) to present the 
results of a careful comparison of the physiological effectiveness of certain 
narcotics, and (2) to illustrate the degree of accuracy of which such com- 
parisons are susceptible by the systematic use of the sartorius muscle of the 
frog as an indicator. 

Method. — The two sartorius muscles of a frog are dissected out and the 
portions of bone to which they are attached are ligatured with fine copper 
wires serving as conductors. The muscles are set up in the two vessels 
V, V and connected with two myographic levers that record their movements 
on two smoked plates L, R. The connections with the secondary coil of an 
inductorium (Berne model) are as given in the diagram, so that both muscles 
are traversed in series by the same current in the same direction. The 
muscles are directly excited once every 10 seconds by maximal break 
induction shocks. Each observation consists of three parts : a first part 
consisting of the normal responses of the muscle immersed in normal saline 
(0*6 per 100 NT aCl in tap water) ; a second part consisting of the responses 
while the muscle is immersed in an experimental solution ; a third part 



